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Because of the simplicity of measurement, ion selective electrodes merit consideration when the concentration of a given ion in a set of solutions with similar compositions must be determined. Thus, the ion selective electrode technique was evaluated for determination of cesium in nonradioactive test solutions from our nuclear waste management program (l).
Electrodes that respond to cesium have been described. These include commercial potassium-selective electrodes that show a high selectivity for cesium (2) and that contain either a neutral carrier (e.g., valinomycin or a crown compound) or potassium tetra-p-chlorophenylboron. Of the cesium electrodes described in the literature, one is an electrode with a sensor of cesium 12-molybdophosphatein silicone rubber (3), and the other is a "liquid state" electrode that contains cesium tetraphenylboron (4).
None of these electrodes was
Although the potassium electrodes cesium,they tended to drift after suited to our present purpose.
showed good initial response to continued use in cesium solutions; also, the response to potassium is potentially troublesome. Of the two cesium electrodes, the molybdophosphate electrode was not sufficiently sensitive, and the reliability of the "liquid state" electrode for routine analyses was uncertain. Therefore cesium-selective electrode of the proven liquid membrane was developed. a type This paper describes preparation and testing of a liquid membrane electrode that contains cesium tetraphenylborondissolved in 4-ethylnitrobenzene. The electrode can determine cesium to N10-5M (1.3 ppm) and exhibits good selectivity for cesium over potassium and sodium. An extraction procedure with 4-sec-butyl-2(u-methylbenzyl)phenol (BAMBP) (5) was adapted to remove cesium from the highly salted, strongly alhd.lille test s~.jlutions, prior to determination of cesium with the electrode.
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Reagents
Deionized water and reagent-grade chemicals were used to prepare solutions of cesium and other salts.
4-ethylnitrobenzene (ENB), from Aldrich Chemical Co., was vacuum distilled before us~:.
Cesium tetraphenylboron (CSTPB) was prepared by precipitation from aqueous solution that contained excess CSC1. The filtered product was dried either 1-2 hours at llS"C or 4-5 hours under vacuum over Pz05 at room temperature. The mode of drying did not affect the behavior of the product in the electrode, A saturated solution in ENB was prepared by stirring the CSTPB in warm ENB and filtering; the solution contained <196CSTPB. First 10 ml SIYS,spiked with CSN03, was extracted with 10 ml BAMBP solution. Then the organic layer, which contained the cesium, was extracted with 0.3M NaOH. After the NaOH was withdrawn, the walls and sides of the tube were rinsed, without mixing with the BAMBP, with 5 ml HzO, which was discarded. The cesium was then extracted from the organic phase with lM HC1. The aqueous phase was transferred quantitatively to a 50 ml beaker; after addition of 1 ml concentrated HNOS to decompose the entrained organic, the solution was evaporated to dryness. The residue was dissolved in 10 ml dilute Tris buffer for the electrode measurement.
When BAMBP was used more than once,it was necessary to wash the BAMBP thoroughly with water before reuse. Otherwise the residual acid in the BAMBP reacted with the nitrite of the SWS and degraded the BAMBP, which turned orange, In the tracer study, the SWS was spiked with 137Cs in addition to nonradioactive CSNOS, and the above procedure was followed. The '37CS content was determined by gamma counting S ml (total) solution with a Ge(Li) detector.
RESULTS
ANDDISCUSSION
Response and Selectivity of Electrode
A typical calibration curve for the electrode in CSC1 solution, Figure 1 , shows that the response is linear above 10-kM in the Nernst plot of potential versus logarithm of ion activity.
In the absence of available values for Cs+ activity, those tabulated for K+ were used (7), The slope of the line is 52 mh' per ten-fold change in Cs+ activity. The calibration curve was made under optimum conditions, at neutral pH with no interfering ions present. Stable readings were obtained within 1-3 minutes.
The effect of pH is shown in Figure 2 for two different electrodes, The pH of the initial solution was altered by addition of small volumes of HC1 or NaOH. At O.lM Cs+ there was no effect from pH 2.5 to 9.5. The useful pH range decreases at lower cesium concentrations, and at 10-"M Cs+,the range is 6-8, No appreciable difference in response between the two electrodes was observed.
Selectivity of the electrode for cesium, relative to other cations, was determined as previously described (8) Selectivity constants are presented in Table I . Major interferences are Ag+, (CHS)4N+, and Hg2+. selectivity of this electrode for siderably better than that of the The footnote shows that cesium over potassium is conBeckman or the Orion potassium electrode, which use a neutral carrier; selectivity is slightly better than that given for the Corning potassium electrode, which contains potassium tetra-p-chlorophenylboron.
Chloride and nitrate, the only anions used in the investigation, do not interfere, and interference from other common anions is not anticipated.
To supplement the selectivity values that were determined at O,lM concentrations, the effect of lower background concentrations of Na+, K+, H+, and Tris-HCl on electrode response was determined. Figure 3 Results of the tracer study, in which 137CS was spiked into SWS that contained 10-4M CSN03, are given in Table II . The extraction was 98% efficient; however, recovery of the 137cs was only 95%. The reason for the loss of the tracer is not known.
Volume changes of the various phases were too small to cause an apparently low cesium recovery.
Analyses by atomic emission spectrometry showed >95% recovery of 10-4 and 10-5M CS+ in SWS by the extraction procedure.
The fate of Na+ and K+ (a contaminant of the sodium salts in SWS)
was determined by atomic absorption spectrometry. The results in Table III show that the Na+ is reduced to tolerable levels by the 0.3M NaOH wash and that the potassium is not carried with the cesium.
BAMBP extractions and cesium determinations with the electrode were made at cesium concentrations <4 x 10-"M in SWS, the region of interest. Calibration curves were made by adding CSN03 to dilute Tris buffer solution. The precision and accuracy were not improved when blank extractions were spiked with cesium to establish the calibration. The residual salts after the BAMBP extraction procedure did not interfere with the electrode response, except perhaps at 10-5M, where the sensitivity of the electrode was already marginal Table IV presents the cesium concentrations found from several measurements with one cesium electrode. The standard deviation of the measured potentials is included. Precision improves as the concentration increases. For this set of measurements the measured potential at 10-5M was less than the potential of the calibration point at 10-5M, and consequently no estimate of measured cesium could be made. The result was included to illustrate uncertainties encountered at this low concentration. Table V shows cesium concentrations averaged from replicate measurements with two or more electrodes. The effect of reusing the BAMBP extractant is also shown and appears negligible at the higher concentrations. .ltthe lower concentrations, close inspection of the data suggest that high results occur, perhaps because of carryover of Na+ to interfering levels.
The direct method described above, in which the measured potential of a sample solution is compared with a calibration curve, is generally less precise and more subject to error than a differential method. Therefore the standard addition method (9) was also demonstrated. 
relationship is applied with a slope of 52.
three representative solutions in Table VI 
